Summary
A period of extended daylight (more than 12 hours per day) following one of short days induces oestrus. The longer the short-day period, the more pronounced the reaction. This change from short-day to long-day periods can be successfully repeated at least 6 times in a year. However, the number of litters produced per year is largest when a regular 12 h light/dark cycle is maintained.
Oestrus can be induced in cats by lengthening of the duration of daylight after a period of short days (Hurni, 1975) . This was correlated with the duration of the annual reproduction phase of the cat under natural conditions and with the northern latitude of the locality where the observations were made (Foster & Hisaw, 1935; Gros, 1936; Liehe, 1939; Windle, 1939; Dawson, 1941 Dawson, , 1957 Scott, Carvalho da Silva & Lloyd-Jacob, 1957; Scott & Lloyd-Jacob, 1959; Paterson, 1963; Adams & Cox, 1966; Lamotte & Short, 1966; Colby, 1970; Robinson & Cox, 1970; Rossbach, 1972; Reichart, 1973) . We further demonstrated that the change of the circadian light/darkness cycle from short to long days could be repeated successfully at least 4 times a year.
These findings raised further questions. How great, for instance, must the difference in day length be for it to induce oestrus? What influence has the duration of the period of curtailed or prolonged day-time? How many times a year can such changes be made? From the point of view of commercial breeding, the most important question of all was whether the number of litters born per year could be increased and breeding performance thus enhanced.
Material and methods

Inquiry
An inquiry was conducted among laboratory animal breeders, mostly with premises in the northern hemisphere, to obtain information about reproduction in cats kept under natural conditions at different latitudes.
Experiments
Cat accommodation. In our SPF cat-breeding unit (Hurni, 1981) , the animals are kept in windowless, fully air-conditioned rooms under nearly constant environ- The lighting is automatically controlled and switches on and off without any intervening dimmed phase. Our illumination is thus both qualitatively and quantitatively inferior to daylight.
The animals' diet is independent of the seasons and varies according to a standard weekly rota, so that they do not tire of their food. Chlorinated drinking-water is available ad libitum in self-filling bowls.
Breeding is carried on in 2 completely segregated units in separate buildings, staffed by different personnel.
Breeding and determination of mating date. The breeding unit is run on the harem system, with communities of 15-30 females to 1 male. Mating can seldom be observed, nor is confirmation of oestrus sought. Pregnant cats are transferred to littering cages about a week before term, when the mammary glands start to swell, so that the exact date of parturition can be recorded. Under our housing conditions, the mean gestation period is 65·5 days, range 62-70 days (Hurni, 1981) . We estimate the date of mating by counting back 9 weeks from the date of parturition: this system of reckoning, of course, only gives the number of successful matings.
Evaluation of successful matings. The number of brood cats was varied to suit the changing demands over the period of our observations. Between 15 and 20% of the cats have to be replaced each year. To obtain comparable figures, the number of litters (i.e. successful matings) each week is expressed as a percentage of the number of brood cats at that time.
Experiments performed. The combinations of shortday and long-day periods tested are shown in Table I . The 3 months after each change of the light: dark cycle were not counted, as the distribution of litters was still dependent on the preceding cycle. 
Results
Inquiry
It is evident (Fig. 1 ) that from the equator to about the Tropic of Cancer cats produce litters throughout the year. The average number of litters appears to be less than 3. The annual reproduction phase (i.e. the time between the first and last litters in the year) then diminishes progressively from the tropics towards the fairly constant weekly mating rate of about 4% of the cats (Fig. 2) . The exact average figure for a 2-year period was 4·2%. This means that on the average each cat produced 2·2 litters per year. This even distribution of the litters is practically identical with the result of a previous experiment (Hurni, 1975) in which a cycle of 14 h light and 10 h dark was maintained. The cats were, however, distinctly less productive, with a rate of only about 3% successful matings per week, which may have been due to the persistent, excessive daylength. The prolongation of daylength to 14 h following 2 months of short days of 10 h light (Fig. 3) already shows a stimulant effect on oestrus after 10 days. In the 4th week of prolonged light, more than 10% of the cats are successfully mated. Reversion to short days promptly lowers the number of cats coming on heat.
A similar sequence with 1 month of short (10 h) days followed by 2 months of long (14 h) days (Fig. 4) produces comparable results: the rate of successful matings only increases in the 3rd week following the change of long days, however; the peak rate is lower and occurs later (in the 6th week) and a decline sets in while the extended-daylength period is still continuing, so that the curves in Figs 3 and 4 are similar. However, the oestrus-inducing effect appears more quickly and is more pronounced after 2 months than after only I month of short days. Fig. 5 shows that induction of oestrus also occurs when 1 month of short is followed by I of long days. Shortening of the lit period to 9 h presumably contributed towards the relatively steep rise and fall of the curve.
Our last experiment, in which a month of short (9 h) days was followed by a month of equal (12 h) days and then a month of long (15 h) days (Fig. 6) to 15 h days there was a sharp increase in the number of cats in oestrus, followed by an equally abrupt decline upon resumption of the 9 h day phase. It is noteworthy that the prolongation of the lit period from 9 to 12 h did not cause an increase, indeed the number of successful matings diminished.
Discussion
The results of our inquiry plainly show that the duration of the reproduction phase in cats living under natural environmental conditions is determined by geographical latitude, and that there may also be an effect by the local climate.
At the equator there is a difference of only about 2 min between the longest and the shortest day. At a latitude 20°north of the equator, the difference is not quite 2·5 h (13 h 20 min-IO h 56 min). Along the Tropic of Cancer it will be roughly 3 h. A 3 h difference in the length of the day over 6 months is thus not enough to shorten the reproductive phase.
The results of our control experiment with the constant 12: 12 h light: dark cycle are in keeping with these observations and so also, probably, are the results of the 5th experiment, as lengthening the day from 9 to 12 h makes no difference. By contrast, the further prolongation of the day to 15 h had a prompt and very definite effect. In none of the other experiments with varying light: dark ratios was such a narrow grouping of oestruses observed (Fig. 6) .
As demonstrated by Fig. 5 , the circadian light: dark cycle can be altered at least 6 times a year. Such alterations, however, have no effect on the productivity of a breeding colony. The maximum rate we have achieved in this way is 1·8 litters per cat per year, which is distinctly below the average of 2·2 obtained under equatorial conditions. The results produced by other light: dark cycles are likewise around I· 8. 'Tropical' conditions have additional advantages, in that the work entailed in confining pregnant cats near term or nursing cats in littering cages is evenly spread over the year, and cats of a given weight can be supplied with greater regularity.
If a fairly large number of cats of the same age are wanted from a relatively small breeding colony, the best yield can be had by altering the circadian cycle for 2 months to short days of 9 h light followed by I month of 14 h days. 5-6 months after the change to this sequence there will be a marked increase in the number of litters born.
